Introduction {#S0001}
============

Lung cancer is the leading cause of cancer-associated death in the world,[@CIT0001] and small-cell lung cancer (SCLC) accounts for approximately 20% cases.[@CIT0002] More than half of the cases are diagnosed with extensive-disease (ED) SCLC, which is characterized by rapid progression.[@CIT0003] Despite being highly initial response rates to chemotherapy, SCLC has developed into drug resistance with poor survival.[@CIT0003] Thus, there is a need for development of new and effective therapies for ED-SCLC.Figure 6Pooled analysis of anemia comparing AMR versus chemotherapy.**Abbreviations:** PFS, progression free survival; AMR, amrubicin.Figure 7Pooled analysis of nausea comparing AMR versus chemotherapy.Figure 8Pooled analysis of vomiting comparing AMR versus chemotherapy.

Standard drugs to treat SCLC include cyclophosphamide, etoposide, doxorubicin, vincristine, methotrexate, cisplatin, and carboplatin. The combination chemotherapy using a platinum-based drug plus etoposide has been accepted as the standard treatment for first-line treatment for ES-SCLC.[@CIT0004] Moreover, both irinotecan plus cisplatin (IP) and etoposide plus cisplatin (EP) have the similar efficacy and are considered as a standard ED-SCLC treatment in Japan.[@CIT0005],[@CIT0006] However, significant symptomatic non-hematological toxicities are associated with the administration of cisplatin and include gastrointestinal, neural and renal function failure, and electrolyte disturbance. Despite the development in treatment strategies of SCLC with targeted agents and newer chemotherapies,[@CIT0007]--[@CIT0009] the results for SCLC patients have not been significantly developed.

Amrubicin, a completely synthetic anthracycline derivative, is converted to an active metabolite amrubicinol in the liver and a potent topoisomerase II inhibitor.[@CIT0010] Amrubicin as single-agent provided response rates of 75.8%, with a median survival time of 11.7 months, while when combine therapy with cisplatin yielded a high response rates of 87.8% and median survival durations of 13.6 months for previously untreated ED-SCLC.[@CIT0011],[@CIT0012] These promising results support examining amrubicin as a viable SCLC treatment.

However, previous studies have reported controversial and sometimes conflicting results because of their toxicity or limited efficacy that are rarely found in previously untreated patients with ED-SCLC. The objective of this meta-analysis is to identify the efficacy and toxicity of AMR as a promising treatment option for ED-SCLC.

Methods and materials {#S0002}
=====================

Retrieval strategy {#S0002-S2001}
------------------

Published articles about the efficacy and safety of AMR as a promising treatment option for ED-SCLC up to November 2018 were retrieved. The searchable databases included PubMed, EMBASE, and Cochrane library, and the following keywords were used: "small-cell lung cancer" AND "extensive-disease" AND "amrubicin", and no limitation was used during the literature search (("small-cell lung cancer" OR "small-cell lung carcinoma" OR "SCLC") AND ("extensive-disease" OR "ED-SCLC") AND (1st-line OR "first line" OR "previously untreated") AND (amrubicin OR AMR OR Calsed OR SM-5887)). The references of eligible studies that dealt with the topic of interest were also manually searched to identify additional relevant publications. The study was designed according to PRISMA Checklist.

Eligibility criteria {#S0002-S2002}
--------------------

Articles that were related to the following inclusion criteria were included in this analysis: (1) the studies are designed as random control trials (RCTs); (2) trials focused on comparing AMR and chemotherapy; (3) the two groups provide complete data were treated patients with previously untreated ED-SCLC; (4) the results of interested were efficacy and toxicity, and HRs with corresponding 95% confidence interval (95%CI) were provided; (5) the full texts were only included. Studies with complete information would be included from overlapped or duplicated data in multiple reports.

Quality assessment {#S0002-S2003}
------------------

Two investigators separately assessed the quality of the retrieved studies. The risk of bias items (ROBI) recommended by The Cochrane Handbook for Systematic Reviews of Interventions was used.

Data extraction {#S0002-S2004}
---------------

Two authors extracted the relevant data from individual studies separately, and differences were settled through discussion. The main categories were based on the following parameters from the eligible studies: the names of authors, publication year, treatment regimen, sample size, mean age, and the outcomes of interest. We extracted the corresponding variables adjusted and risk estimates of mortality with 95%CIs.

Risk of bias {#S0002-S2005}
------------

After assessing the online databases, only 6 RCTs were included. This is not enough to conduct Begg funnel plot to evaluate publication bias.

Statistical analysis {#S0002-S2006}
--------------------

Review Manager version 5.3 software (Revman; The Cochrane collaboration Oxford, United Kingdom) was used to perform further statistical analyses. A sensitivity analysis was also performed to examine the impact on the overall results, depending on the heterogeneity across the included studies. To assess the heterogeneity of study trial and determine the model for analysis, I^2^ statistic and Chi-squared test were conducted.[@CIT0014] Fixed-effect model was used if the assessment of heterogeneity was insignificant (I^2^≤50%). If the source of heterogeneity was not insignificant (I^2^＞50%) uncertain, we used the random-effect model for further analysis.[@CIT0015] A *P*-value less than 0.05 was identified as statistically significant difference. Forest plots indicated the findings of our meta-analysis.

Results {#S0003}
=======

Overview of literature search and study characteristics {#S0003-S2001}
-------------------------------------------------------

Totally, 371 articles were identified initially. Based on the criteria described in the methods, 365 articles were excluded due to the lack of outcomes of 2 approaches. Therefore, a final total of 6 RCTs[@CIT0006],[@CIT0015]--[@CIT0019] were assessed for eligibility in the meta-analysis ([Figure 1](#F0001){ref-type="fig"}). All included studies in this study were based on moderate to high quality evidence. [Table 1](#T0001){ref-type="table"} provides a brief description of these 6 studies.Table 1The primary characteristics of the eligible studies in more detailStudy,YearTreatment regimenPatients numberMedian ageQuality assessmentThe experiment groupThe control groupThe experiment groupThe control groupThe experiment groupThe control groupO'Brien Mary 2011[@CIT0019]PAPE3332//ModerateYan Sun 2016[@CIT0018]PAPE1491505859HighIkuo Sekine 2014[@CIT0017]AmrubicinCarboplatin/etoposide32307675HighMiyako Satouchi 2014[@CIT0006]PAPI1421426363HighNaoto Morikawa 2017[@CIT0016]PAPI35347269ModerateSatoshi Igawa 2018[@CIT0015]AmrubicinCarboplatin/etoposide42427172Moderate[^1] Figure 1PRISMA flow chart of selection process to identify studies eligible for pooling.

Clinical and methodological heterogeneity {#S0003-S2002}
-----------------------------------------

### Pooled analysis of PFS comparing AMR versus chemotherapy {#S0003-S2002-S3001}

Pooling the PFS from studies showed that no benefit was found between AMR and chemotherapy (OR=1.2, 95%CI=10.77--1.88, *P*=0.41), and the data are shown in [Figure 2](#F0002){ref-type="fig"}.Figure 2Pooled analysis of PFS comparing AMR versus chemotherapy.**Abbreviations:** PFS, progression free survival; AMR, amrubicin.

### Pooled analysis of OS comparing AMR versus chemotherapy {#S0003-S2002-S3002}

Five trials reported the OS data. As displayed in [Figure 3](#F0003){ref-type="fig"}, pooled estimates of effect sizes showed no significant statistical difference of OS when comparing the two groups (OR=1.03, 95%CI=0.66--1.60, *P*=0.91).Figure 3Pooled analysis of OS comparing AMR versus chemotherapy.**Abbreviations:** OR, overall survival; AMR, amrubicin.

### Pooled analysis of ORR comparing AMR versus chemotherapy {#S0003-S2002-S3003}

Systematic evaluations of ORR are shown in [Figure 4](#F0004){ref-type="fig"}. The pooled results showed that there was no remarkable difference when comparing the two groups (OR=1.31, 95%CI=0.90--1.92, *P*=0.16).Figure 4Pooled analysis of ORR comparing AMR versus chemotherapy.**Abbreviations: **ORR, objective response rate; AMR, amrubicin.

### Pooled analysis of SAEs comparing AMR versus chemotherapy {#S0003-S2002-S3004}

We define the grade 3/4 toxicities as severe AEs. In the analysis, fatigue, anemia, nausea, vomiting, and diarrhea were included, and the data are shown in [Figures 5](#F0005){ref-type="fig"}--[9](#F0009){ref-type="fig"}. While, all above data did not reach a statistically significant level (*P*＞0.05). Moreover, the most common treatment-related adverse events in the AMR group are leukopenia ([Figure 10](#F0010){ref-type="fig"}) (OR=3.13, 95%CI=1.22--7.99, *P*=0.02) and neutropenia ([Figure 11](#F0011){ref-type="fig"}) (OR=3.25, 95%CI=1.38--7.65, *P*=0.007).Figure 5Pooled analysis of fatigue comparing AMR versus chemotherapy.**Abbreviation: **AMR, amrubicin.Figure 9Pooled analysis of diarrhea comparing AMR versus chemotherapy.**Abbreviation: **AMR, amrubicin.Figure 10Pooled analysis of leukopenia comparing AMR versus chemotherapy.**Abbreviation: **AMR, amrubicin.Figure 11Pooled analysis of neutnpenia com paring AMR versus chemotherapy.**Abbreviation: **AMR, amrubicin.

Discussion {#S0004}
==========

SCLC represents approximately 15--20% of all lung cancers,[@CIT0004] and more than half of the cases are diagnosed with extensive-stage (ES) SCLC.[@CIT0003]

ES-SCLC is chemosensitive due to the rapidly proliferating tumor. The standard treatment is systemic chemotherapy alone, which leads to tumor shrinkage and symptom relief in the majority of patients; however, the rapid progression of clinical drug resistance has resulted in poor prognosis.[@CIT0020] Thus, there is a need for new and effective therapy for ES-SCLC.

Recently, the Japanese Clinical Oncology group (JCOg) has reported the non-inferiority of amrubicin/cisplatin when compared to the irinotecan/cisplatin for previously untreated ED-SCLC.[@CIT0006] While, Satouchi[@CIT0015] did not achieve efficacy benefit with AP as standard first-line therapy for ED-SCLC.

In this meta-analysis, we found that non-inferiority but not superiority of AMR therapy to the control therapy. In other words, the AMR regimen did not achieve any efficacy benefit for chemo-naive patients with ES-SCLC. The results seen here do not underrate the efficacy of AMR in SCLC and perhaps stress the particular value of AMR as second- or third-line treatment in this setting. Although cisplatin plus amrubicin did not achieve benefit than other cisplatin-based therapy,[@CIT0006],[@CIT0018] the results of the Morikawas'[@CIT0016] study and their previous trials[@CIT0021],[@CIT0022] reported that the CBDCA-based therapy might be superior than the CDDP-based therapy with amrubicin. Moreover, as the sample size of some studies were too small, these results have low statistical power.

In addition, AMR proved to be inferior to the control therapy, but the results seen here do not negate the effect of this agent for previously untreated SCLC and perhaps emphasize the particular value of AMR as later-line therapy in this setting. In terms of the safety, the main severe toxicity of amrubicin is myelosuppression, with neutropenia seen more frequently than thrombocytopenia or anemia. Careful hematological toxicity control is essential with the use of amrubicin. The rate of grade 3 or worse neutropenia was 84.8--95.1% in previous studies,[@CIT0011],[@CIT0012] and the degree of myelosuppression and its risk of secondary serious infection and sepsis were containable with protocol-specific dose reductions, treatment delays, and g-CSF support and antibiotics.

However, some reports still reported sufficient efficacy compared amrubicin with approved drugs for the therapy of SCLC, even though the high incidence of toxicity.[@CIT0018] Its efficacy and alternate mechanism make it a potential candidate to treat this disease. More effective evidence for amrubicin to treat SCLC patients is warranted.

This study has several limitations that should be considered. First, due to small number of patients to draw any valid conclusions, bias exist, which may impact the results. Further investigations of this regimen in a large-scale study with greater statistical power are needed. Furthermore, though all included studies are all designed as random control trials (RCTs). However, heterogeneity due to varying experimental methods cannot be discounted entirely.

Conclusion {#S0005}
==========

In summary, our meta-analysis indicates that AMR therapy demonstrates non-inferiority to the standard first-line chemotherapy with respect to survival, objective response, and safety in the treatment of previously untreated patients with ED-SCLC. Whether AMR regimen could be treated as a candidate for the first-line treatment of ED-SCLC still needs to be investigated.
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[^1]: **Abbreviations:** ED-SCLC, extensive-disease small-cell lung cancer; PA, cisplatin combined with amrubicin; PE, cisplatin combined with etoposide; PI, cisplatin combined with irinotecan.
